There is dwell time as one of the indicators of user's behavior, and this indicates how long a user looked at a page. Dwell time is especially useful in fields where user ratings are important, such as search engines, recommender systems, and advertisements are important. Despite the importance of this index, however, its characteristics are not well known. In this paper, we analyze the dwell times of various websites by desktop and mobile devices using data of one year. Our aim is to clarify the characteristics of dwell time on non-news websites in order to discover which features are effective for predicting the dwell time.
I. INTRODUCTION
We need to know the browsing behavior of the user to improve web pages' quality. There is dwell time as one of the indicators of user's behavior, and this indicates how long a user looked at a page. Dwell time is used especially in fields where user ratings are important, such as search engines [1] , [2] , recommender systems [3] , and advertisements [4] , [5] are important. Despite the importance of this index, however, its characteristics are not well known. Liu et al. [6] have analyzed the characteristics of dwell time, but they used data of only two weeks. In addition, previous studies have reported that trends for news sites and applications vary greatly between desktop and mobile devices [3] , [4] , [7] , but there has been little analysis focusing on non-news websites.
In this paper, we analyze the dwell times of various websites by desktop and mobile devices using data of one year. Our aim is to clarify the characteristics of dwell time on nonnews websites in order to discover which features are effective for predicting the dwell time. To this end, we address the following research questions: RQ1 Dwell time by device: Is there a difference in the dwell time for each device? Is there a difference in the dwell time based on whether users clicked or did not click on the web pages? RQ5 Dwell time by scroll depth:
Is there a relationship between dwell time and scroll depth?
The results indicated that the number of sessions decreased as the dwell time increased, for both desktop and mobile devices. The median of dwell time by desktop and mobile devices differed substantially when the websites were designed with only one type of device in mind. We also found that hour and month greatly affected the dwell time, but day of the week had little effect. In particular, a change in dwell time was observed based on the hour as well as the number of sessions (pageviews). Moreover, we discovered that inside and click users tended to have longer dwell times than outside and non-click users. The likely explanation for this result is that the user's amount of interest affects the length of dwell time. However, we can not find a relationship between dwell time and scroll depth. This is because even if a user browsed the bottom of the page, the user might not necessarily have read the entire page.
II. DATASET

A. Development
In this study, we used the browsing data of 13 Japanese websites from July 2017 to August 2018. This data was gathered using MIERUCA 1 , a web-marketing tool including the function to visualize user's behavior. MIERUCA is a wellknown search engine optimization (SEO) support tools in Japan, provided by Faber Company Inc. 2 . Our data consisted of four types: device, click, scroll, and read data. The device data was recorded immediately after accessing the page, and included the device type (desktop, tablet, or mobile), the window size (width and height), the referrer URL, and the length of the page. The length of the page was included in the device data because the length varied depending on the device used by the user. The click data recorded the locations users clicked with the mouse cursor. For mobile devices such as smartphones, the locations users tapped was recorded. The scroll data indicated the location where the user stopped scrolling. When the user stopped scrolling for more than 4 seconds, that location was recorded in the read data. In addition, all data included the URL that the user accessed, the date of the action, and the session key. The session key remains unchanged from the time a user accesses a page until leaving it.
Dwell time of each session was calculated as the difference between the first action date and the last action date. In this study, we mainly analyzed the dwell time of each website. We regarded the dwell time of a website as the median of the dwell times of all users who accessed the page. A very long dwell time was not recorded, as it was assumed that the user left the web browser launched, Therefore, it was not appropriate to use the average value as a representative value of dwell time. In addition, we calculated the dwell time by desktop devices (including tablets and laptops) and mobile devices (mainly smart phones) separately, in order to analyze the differences based on the device type.
B. Basic statistics
Basic website information is shown in TABLE I. We used data from July 2017 to August 2018, but there were minor differences for each website. Site type represents the type of website. Due to the MIERUCA privacy policy limitations, we cannot list the actual website names. Therefore, the websites are given anonymous letter identification (from A to M), and the type of website is included. The types are affiliate, bulletin board system (BBS), blog, and business. An affiliate type is a website mainly promoting the purchase of specific products and service subscriptions. A BBS is a website to exchange messages between users. Blogs provides information in a blog format. Businesses offer specific functions and information for enterprises. Sessions is the total number of sessions during the data period on the website, time is the median of the dwell time of all sessions on the website, and clicks is the mean of the number of clicks for all sessions for that website. These values were calculated for both desktop and mobile devices separately.
The rate of the device differed for each website, but on the whole, mobile devices tended to have a longer dwell time. However, desktop devices tended to have more clicks. There was no correlation between the number of sessions (page views), the dwell time, and the clicks.
III. RESULTS AND DISCUSSION
A. RQ1: Dwell time by device
Song et al. [8] have reported that the dwell time in a search engine (i.e., Bing 3 ) varies widely depending on the device used. We analyzed whether the dwell time in non-news pages varied depending on the device used. In addition, if differences between devices were characteristic of dwell time, we analyzed what kind of settings the website utilized.
The relationship between the number of sessions (users) and the dwell time for Website A is shown in Fig. 1 . In the previous study, Liu et al. [6] have shown that the relationship between the number of sessions and the dwell time for desktop devices followed the Weibull distribution. In this study, the number of sessions decreased as the dwell time increased, for both desktop and mobile devices. We plan to test whether these followed the Weibull distribution or not in a future study.
Depending on the website, the dwell time by device could differ greatly. In many cases, a particular website was designed with only one type of device in mind. For example, on Website J, the dwell time for desktop devices was 37 seconds, but for mobile devices is 9 seconds. In other words, users with desktop devices stayed on pages of website J for much longer. Since this site did not set a viewport with html meta tag, it seems that the design did not consider mobile users. The viewport is a setting value for controlling the window size of the page. Conversely, on Website C, the dwell time for the desktop devices is 47 seconds, while for mobile devices it was 72 seconds. Since this site set a viewport with html meta tag, it seems that the design considered mobile users.
B. RQ2: Dwell time by access time
We analyzed whether the dwell time varied depending on the access time. For access time, we focused on the hour of the day, day of the week, and the month of the year. It is known that the number of accesses (page views) varies depending on the access time, but it was not known whether the dwell time would change based on access time.
The dwell times by hour on Websites F and G are shown in Fig. 2 . In these figures, the number of sessions is shown in addition to the dwell time. Fig. 2a is an example where the dwell time changed, and Fig. 2b is an example where it did not change. The number of sessions tended to change by hour; for example, there were less sessions in the early morning and more at night. For about half of the websites, the dwell time changed by hour. Blogs tended to have large change in dwell time, while business websites did not show large changes.
The dwell times by day of week on Websites B and I are shown in Fig. 3 . In this figure, the number of sessions is shown in addition to the dwell time. Fig. 3a is an example where the dwell time changed, and Fig. 3b is an example where it did not change. The only website for which the dwell time changed greatly was Website I. This website promotes price information for used cars. When the user was preparing to take action (e.g., to visit a sales stores), it could have affected the browsing behavior of the user, thus increasing the dwell time.
The dwell times by month on Website A and G are shown in Fig. 4 . In these figures, the number of sessions is shown in addition to the dwell time. Fig. 4a is an example where the dwell time changed, and Fig. 4b is an example where it did not change. we can not discover a reason for the differences in results between the websites. It can be hypothesized that if the website is updated or popular content is added to the website, it will change the dwell time. To test this, we will need to analyze the contents of websites in a future study.
A summary of the change in the dwell time by access time for each website is shown in TABLE II. In this table, Y indicates there was a change of 20 seconds or more for that field. If there was a difference of more than 20 seconds between the dwell time at 1 o'clock and the dwell time at 8 o'clock, we inserted Y in the hour column. Site D had data for only one month, so there was no monthly change. The BBS and business websites tended to not show changes in the dwell time by hour or day of the week. For these sites, although the number of users (sessions) changed depending on hour and day of the week, users' purpose for visiting websites did not changed, and thus the dwell time did not change.
C. RQ3: Dwell time by inside and outside
We analyzed whether the dwell time varied depending on if users visited from inside or from outside the site. For this paper, we defined inside users as those who visited from the same website as the analysis target page. Outside users were defined as those who visited from another website.
The dwell times of inside and outside users for each website is shown in TABLE III. Inside users tended to have longer dwell times than outside users. Users browsing multiple pages on a website are likely more interested in that website than others. The level of interest affects the length of dwell time, and it is assumed that the dwell time of inside users is longer than outside users. There tended to be less inside users than outside users. Only BBS websites had more inside users than outside users. The reason for this could be that the users stay in these websites to communicate with other users.
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D. RQ4: Dwell time by click and non-click
We analyzed whether the dwell time varied depending on if users clicked on the web pages or not. In this paper, we defined click users as those who clicked on the analysis target page, whereas those who did not click on the analysis target page were defined as non-click users. We did not consider the number of clicks for each user.
The dwell times of click and non-click users for each website are shown in TABLE IV. Click users tended to have longer dwell times than non-click users. When a user takes special action, in this case the action is clicking on a page, it means that they are likely interested in this page. The level of interest affects the length of dwell time, and it is assumed that the dwell time of click users was longer. There tended to be less click users than non-click users, with similar numbers for both desktop and mobile devices. On the other hand, in only to be shorter than dwell time until clicking. If the user clicked the link of the page to go to another page, then the dwell time since clicking was zero. Such users reduced the median of dwell time since clicking. In other words, users going to another page within the same website are interested in this page, and thus were browsing for a long period of time.
E. RQ5: Dwell time by scroll depth
We analyzed whether the dwell time varied depending on how depth user's scroll depth on the web pages. In this paper, we defined users who scrolled between 0% and 25% of the page as the top users, those who scrolled between 26% and 75% of the page as the middle users, and those who scrolled between 76% and 100% as the bottom users. Users were classified into the top, middle, or bottom users based on the maximum depth for that session.
The 
IV. CONCLUSION
We analyzed the dwell times of various websites by desktop and mobile devices using data of one year. Our aim is to clarify the characteristics of dwell time on non-news websites in order to discover which features are effective for predicting dwell time. We focused on device types, access times, behaviors within the website, and scroll depth in this analysis.
The results indicated that the number of sessions decreased as the dwell time increased, for both desktop and mobile devices. The median of dwell time tended to differ greatly between desktop and mobile devices if the website was designed with only one type of device. We also found that hour and month greatly affected the dwell time, but day of the week had little effect. In particular, the change in dwell time and in the number of sessions (page views) was affected by the hour of day. Moreover, we found that inside and click users tended to have longer dwell times than outside and non-click users. This is likely because the level of interest affects the dwell time. However, we can not find a relationship between dwell time and scroll depth. Even if a user browsed to the bottom of the page, the user may not necessarily have read the entire page. 
